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Eo:¥:lro:iiiiieEl~ipici:fk aiiiiso acid. Siilsstitutio^ tafcki: 
tetiary ttmplat^s aaci preifetioa of protein :faMs 




JOHN OVHRlMaTON. DAN DONN£LL¥, ^ASl^ S, JOHNSOM, ANDRBl §ALL 
a:sx> TOM L. ELyNDlLi. 



famsljc^ of prosdns. In thl<:- paper :$xtcTK^ our <iri;U- 

i;^ ^ho >:?.udy k show?! in Flgiij-^^ in UiiS iitgii.?-^^ ^h^? st^m- 
d^jrd ;>tJ<'-3:i?tt$?!: a??5:aii? j?it;ki code h^:::^ boiSEJ ^sjodkkd i<> 
vor^ci'i'dv ^s.how tli^j l^x:^il <;i>^s^ort:iX£er^^ ;$j^d ix^i^^orjiiia^kJK 



V-^;-:s?ry iO:i-:^:^0OAVC^f:; H-iX^ IrK.- 



J 97/) ^i^.kjg sils-s of ppisvk^^is; ^^i^dsss; ds 

Ms^>;"td:Dsy (ihs ^is?; prsssiM^:^ is Tsb^i? I k in tM> wsiv 

s'atho;^ po?>dy ^^Hntcd ^tmcmres m our fiiii^m m ord^r 
10 to: A^^silyslj? of the dss^T^ 

bsidOK 0f iitry ^;^^:sd vir?>mii;<^n^^ (for :^ Shi;: imp^^^- 

:^.sbk f ^^c^j^faraiaoor? for p?oid><:) .showed ihjsit ^hct^;e 
?e?!:d^d m occ^jtr in rb* po^cstlv re^ir-^^^c^ di5:^;5: How^^^^r, 
the vO^d-rib^rHon of syoh si:r^ic?jir«s ^^o o-'i--er£r;il sxidi;^i- 

Menihy of ^dsse tssdiks mrks ^^ros:? Si;?'ori:ni^ 6^0% lb? i.h<r 

P^o^^Td dtit£i b^i;^o oom^^?n$ 2l,dS1 residm t^nd 79,^^^3 
p^^lrwk^^ ri^sk(s3:k^ ;;>jb:^;inid:ft^^s.:, AtJ^dy:^<;:>; of dte ^^rii-::!:b^:r >:^f 

tdv of rhs: tx>rt5,^^ir^^d pm^^:ds:$ $dom tkss:! 60^ of d^e 
?^.£d:^:dOri d^d^^ fr^sj^^ ^i^ii'^^is^^s tfsnt ar^ ^:0"df^% 

o^K^iixy aod ^:^sp^rs^coodsrv ^.tr;-;:^:uvros ?iisd so should 

I . R^ddriy ?:yp::.; 'T ■^^'sufv'-orif? 3:o^:d:iO ^s^:k^:^; r^; oorrsfd- 
^:rsd:. Cdsidw a;;;d cyssd?-:^ w:?r^? coriiS.^il^ to d?: dd- 
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15.0 



s?::,d Sss:s-sd^?r Th-e ^uk^ a^l^^llt^^ wer^ 

?5-feL^Ssd tx^;Ldvidt^?££ly^ i35 oiis^ 5i?si5\pk 3^., h^dk:e^ miJk^ 

biis.^; jjsade t^^^ ^i^ictij^k wHh ?h^- Ci;jil 



foT 0-!^ .alig];-ijri>-?-^Ja of ^-^jbunk^v (for ^y^a^j^ipk^, ?:h<> hx-^-- 

foi- isolatixl doisx^s.b?.. E^siesiis;^;! prostbttk: 
groiip^ aj>d !:;i,ga;5,i:k w^;;^: isi^chia^d in t;i^k:Lyi^- 

These w:jriS d^v;d::^d ima ■ hre^ ol£is^;^^^;^ s^ai'^fii^jtioj::;^; 
h^^^w^stJ^ two ^id^^ ^h&h:^^:,, iniomd:iDas a ^.^d^^ 

ch^^is ;^rid fs^;d^5-ch;d?; ci^iyb^yJiyr, af^d jot^f^5;vtjOs:i;^ 
H i^sde-t-h«:ki ii?>d s. [^aism-ch^dfi ii;^jd>i hy- 

ohsds g=?;?^<^r&L^y f^^^i r^?lo5.biy di^^^^rmhxcd 

by crvi^^ajilogi^siphy, hydj'Og^ijj l>o;5,d jbrj:?j^ido?i w;s.:^ 
dcf?3-s^d b^^i.^d o^i thi^ s^rk^^doi^ of d;0?!^yr-^^:C:<::<^p^Of 
d^.:>tii::;::C5 A, y^yd-y>gif5::: [^od covi^kr^l hoadcJ K> 
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Pf^^::d^5 Siittk :{:iE^&m (B^^n^f^:: fiii liii.. ^PDB .^^d^s: T^ D^i.. r^Ji^ iPKA, pori^ifi^ ksi^s^i^ssfrj;: STRfs^, 

tfj^ps^ss^ Si^^m. j-^jisds^i:^ 10CH> bi^vij^o -^ -^-h^fn-JVrv^JSifi; ^ES^^ . p^^ffii-^i^s ?,5^:N;S, ^isif^^yiu fj>:>i?.^-f;j^^5i^ 



acid ?-ype w^^; c^;js:isidej^ed. This C:??Tri;^;p^o?^ds it> 



bosh c>:>?^::ip^fa^ tiiractuts:^ jsux&i be Alsc^, funsK^r 

si^bg^ox^p^. or ^o^form^i^jc^j^iaJ cist^ss^ ;^ the j5<^Kl^lk55^ 

JohJ^so^s. &T::L. Ekmds^l Uj^pu^L resu^t:?)- 

into i<?te€^d mss^-gs^rs! <ls^;t4butii-xrs.^= aO 

prop<;rncs. It is co^sv^fsktu to dlspiii^ay th^^ dm;^ 21 by 
22 pf ob^Jbli^iv table^^, wh^;rs; i^^s va^u&s ^ij-^ the pr4>bii:bsl - 
of ob^jervh5ig t^c;h ?-^pkceT?5&n5 ^s^^ij^o j:idd jyi^^cr (mw 

sk?^i^^ gJV:E?:i s ,:^ub>^^u ^JfioEX -i^^bk" :is:irk^i;x;;>d<:n!': of uHe i^r^s-i- 
rojio:^sm, to t!a^ <i^ibifdt;:;ib<>?^ t^^bk^^ of Pt^yhoff 

^d. (1^8 ^) ^.ad od5i:t:s. Cofr^:p3^ns:Oi^ of ihb g^oM^ ^^sibie 

J.P.. €^/i?Tirig.::.o^:i, i:i;:i|Mjhl. r^i^^iJ^ts) >vh.^?>^v^ st b mim 
siir^^jlcis^ thi? D^^yhDrf M^:L^^^ld^m (kkL&cbb?i, 
|97i) ;:?vs?:rk^;^, b^i^sb of wkkb are b:^£?wb^> derived JVor^^ 

popukued except for th^ posbk<: # ^^k^^^v, wbicb k 



si:s^ky dkaMo=s^^?d rs^dd^ao^; ^vkb oha;b^ C^ioXES:^ 
ch5^sMr^j> ^ S^SES^khaxSEi, 1^68). Es^mbiarbs^ of 

sbst if-i: £^i:i;5s£f stJ the ^5^"s:ka^ k more ?vOf5S«-rv^d ^l^s?? tb;^: a- 
dss?;^ d>:eek tksS d?k ^-ss sk^^ sxs artJ^te of s;imf>^s^ b??^ 
(tbfi; ^s- fambk?^ co?^t;1b5:ikjxg :b^?;iV:ik to tM ^?Jors d:iS£;iis:U: 
p^5ifwh<? i:^o;i;o;pstriso?^^>, 03£amin?:si I'sMbk^? 10 wbkk 

^0*^iC3-t3j'^^. k^: ibs:^^; cs^ses, ri k ob^rv^jd lb^$t ^i:--r€i^^;o:?^?^ 
in:deed kiss corja^rv<::d thso^ tbe ofto?^ by 

amJJ>d Uki5% b?. 50c|os^:5i::^ j:d^j?i:s:;Sy kv^k. Tb^s k 5:^0 
doub-; r^^ijs^gd gs-e^jJer fr^^tsa of E;-esi:-lB^^$ b^^J-kd b> 
^■^^bss^S ibxisj tfi ^:kse^;ieos, j-dsjk>^x;sd by i^O^om^^ 
S^!ic-0i:ida5-y mot5bj wb:&r«i i^tS^aikl ^^^i^b■^«^:s t^JS^d 

for?^5 .s b5:;:;i:'kd oo^^KO ;p:c5vk^d b^^^^=^^^^^ S:mpbjpbkk 
«v^^bo^>s. 

kki>es v-u'^? oqoi^i ki (b-^ir r^^:pon&:? 0:^ i;^i;K-iC<?5:^;ibls; e;;.:vi- 

scid^ ^bo^ g^5K:;?£;yy smaOer b:iti:resi:$.es io o<fm;=s^rvsU;b£5, 
bm 5he hydropbobk: s:^atiJxo of th^? replL^csmem a^ski^.^^ k 
siro?-fly oct:?Bs$v^od. How«v<?;f, tb^^rea^^^ a ts;iimb??r ofksv 
e>::p^icted fe&ti^ro:^ <k' sbk c^ij:?^p&?ko?^. Iks? ^irtakgojis; 
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A -^ Q^? ^).^^) ^>.^?t> o.ir> i5.:t5:i:T 0.1577 t^.im O.^i:^:?^ ^^ii^i tJJOii 0.:!?>^5 O-fJl^S oJ^s^: 0,US 0.bc>^. ^-1^-?;^ 

C <^,^^&biv^j ,:i,ix>i:^ ^?.o?Xi aouo i?;!^> (^i?^Hv^5.o:^ (Ki^aj ^^^>=>!j 0:^m o.=?:Of^ ^^.o:^^ Oi:^^^S- ?:=.:rici^ o.iW 

D <J,CK^^ ^X^Xi ^?J0^ <}:.(M>e. sS.OS- 0.03:? 0.;.^^ i^-i^^^^ ^XO^^ o,i^^y 0.=;:0:^ ^>^>^•^S ;::.Sv? 0.^)O ft(0 5 o.fs{5^ 

H Sx^n ojn mil ^ym^ ^^^^^ ^.on 0.05^ o^^nj o.:>i>9^ ^.^^s a.06<j !>.^^s:5 Oim o.y^5 otn? o.io^ 0.^:0?) 

,F ^^Oiv ^^i^i<^ iy^f{i5 ^^ C^S? 0.4:S5 i).OS!> <?.:0^^ 0,0;55 0,^5^? 0:.^>i7 0.^>H ^^AJO^ OaJ^f^ i>.^^U 0.053 O^i^l^J^ O.=i;0^ 

G u.^x:^ a(^K? ^r.c^^i^ o.<X!^:: ^).0i7 o.a5o^S O.^!;^'^ <ivC?J? O.ms i>,<0^; 0,0i^; 0.03J 0,(0^ D.o^^: o.Oi:iO O.^;:;^:? 

a^L^iO 0.0;)i^ ?-v<?^::^ ;>.0:i:!: ?s.v>^0 ::;i.^}07 ^5, ??! O.0?:y O.^:;^:^ $;.^05 0.^)^ 5 -x^^^S:^ O.Oi^t^ O.^^: s o^s O.os^ 0-0^? 0.0?^ 0.O£i;? 

1 0.<S2S f^.OfSf^ i?.^^:^ ^J^04^=!^^ 0.2:^5 0.07^^3.10? >XyiS O.i:^;? 0,f)!>7 s^^tJl? 0.0;^40^.<^B 0.<)J^=i: 0.030 i?.01?^ 

K Oa?o? s^osi ^s.oso ^.04i 0,^^54 0.0^^ ^>/5 o.OSO ?«.AOS= O^yys o.M^ =506j 0.0¥4 i>;l>:^^ ^J-<^; 0.0^:=^ iyo^^^ 

L y.03& ^)0SO 0i>!>6 O.OiS 0.2^0 ^0^^:^::? O.OO^ 0;S:5;^ 0.i5;U Oj;:ciiS O.^S^ 0,^-|^3 OJM^ 0.0^? 0i?7!^ ^>,0^^ 0.0^^ O-OJy iv{|!57 s tos 

^1 0,0i^ fJ.O:}i^ f?-:XO <^.01S' ?=,;:507 0.iyK? bO^? 0,014 0;=:OS 0.:i:y7 O.OSi^ O.^Ms ft^OS i^.=;iO* 0.:;)!5^ 0,0^0 aOi^ 0.a2S i?.02:5 o.co^ 

0'^ 0.0:0, ^5.0^0= ^>X0.^ ^.OJO fi:.^0^ i?.0:^4 aOi?; 0.0?4 OOl^ 0.0l5 OJ^O 0.015 0.0i:><> ^?.02^S 0::(07 Oim OOlS, 0.0i:?7 i)^r>4:S 0.0(?0 

0 ^5,o:>ft i}:03:5 iS.J^>:> O.ti^S-S ^?.Oi;l 0.0(^^J O.Ss^G SOCs^ a.^}0^^ 0.053 S..-^3.4 00?^:5 fi=:OJ^ 0.030 Ovi^;:0 O.iXJO ■^.i:fO=> s.oo;> 

O 0.OS5 y.OU ^5.045 ?=.Oii ^Mi ^>.^>;?;i 0.0(U O.O-i;? 0.03 ^ i5.0:5J 0^:0^ 0-05 ? 0.1 ^^O-I^? 0.030 C^.O^O 0.^i}OS 0.0J:$ S.i)t?0 

0.0i^ 0.0t^ ^XOlO ^^.OS^ ^s.iiO^: 0.000 ^>.0j^^ O.OSO SvOS? O:OOSO).O04 ::>.0i^ (0053 0.07[^ 0.0:>0 fi:.Oi^ a.:;>fi^5 0..<^0; O0|:S 0.0;^^ 

0 ^Xa^^^ 0.^0;^ :X0?.5 a.O^; O.Oi2 0.ii?9 i^.O^^i ^XO^fJ ft(OS i?:i)vO ^t.OO?: 00^9 O.OSS ^XC:^S>:> ^^^3 0.2;^. P^vOO^ if.OlM^ {?.0s)5 0,0:^iO 0.^>>4 

T 0.^>>^;; ^!.0^0: ^^.020 ?>.oy^ <^:.0S0 O.Oyj^ (-.Of 4- 0.0^^ O.GSii 0.r;:15 0-050 0.^■^" 0.0-:50 0,iO^ O.^M 0,;^;^?(> 0;rO" 00^0 0.0<iO 

V ;X05:^ ^!.iXx> ^X&IS ^XOX:i y.i)Oi;: ■y^::i:> 0.l'>^>t O.^r^ 0.;?2^ ;7,Ui iiXOO 0,0?s 0.fJ7:^, OOO? 0-^=^5 ij,^tj fiO£5 i> ?0> 

w o.!:>^?^' o.0i>^> 0,^^^^:^ ;7 ^ix;^ 0.022 o,-;)^m 000^ o.^iiS o.O^O 0-0^0 ^).0ft,o o.0i?^> o.so-?: oxi;;?^; o,0{J7 o.oco 0.5^? t^vso-j <;0^i 

V 0.00^ !>^xt<i 0.0^-0 O-Oii^i 0.$m O.OLiS^ 0.07^J O-O;)-? 00:) O.On 0.C03 O.OI;0 0,OSC? O.OiO 0-0S:= 0.0;;:7 0 0^0 0.07$ o.;?r? 

^ i-.o=>=s 0(«:K:i o.^Oi c^.ij^o o^OiO ^o^iio-i ^).^:^>^ ^^.(xs o.iXs2 iJ.^>:^4 o.^^oo ^xox? y.c^M o.O::Ki- o^iio^ o.o;o (XOOi-: ^^.^^05 o.jy^? 

o>.<>2s; oiK^4 o.^:-^^ o.^X:^ oo^i;? 0:03:^ o.yi^ S:0i:2 (?,o>o o.ysj ^j.033 o.:;o^ O-Oi^ o.o;^o ?=.css (i.o.$7 o,o-:4 0.0^0 ^).o^)S o^^;a o.^^;k? 

iVV: :vO. J ^h^ ^^iOk $:!Vvr ^h^ f=?^?-<5:iO^Oy SLtb^^.:.UiiO<?^0 C-:; r^7i:^^ii> O^i^ <>f :i Ov t>0:i>:r r>^0<1x^^, <::r 
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A 0.:i>£:^) 0.^^? O-O^v' (f.OSS ^^.i>^■^ iX>»> 0-^50 O.^^? =0.0^5 0.i>M i^.O^i 

c o.^^(K> Oii:j6 ^s.^Mi o.^>^;^^> (^.Das y.iiJiJ y.^^ivj O.jMj 

D 0,::^^ f^.ou ^^cn4 ^>.^^n <^,^^^ ^^.y^^^j o.r?:io i?.0!:^r^ f>.03^ O-^x^s^ ^^ois o.^x^^^ 

(>:i>J^^ ijvO^ 0.(50^^: O-G^iii ^^.O?! O.^W ^^.ii^^!? 0.(5^6 ^^.^^J^ ^.^m •ij.i^S^ ^>.?:!^>r5 

(>.iyn is.m (^im^ i^.m !>.^M ?!..t># :>.^;^y c^o^i^^ <10U i>.{>i)i^ <:i.^.J:^0: O.Cf?! ^i:;>^?s> >>.,^ij;;ci 

G o.^?^^s s.:c^><^ o,ojs ^;=.y:5::^ o.!;>i5 c^.*^:^ o.^^^v cii^i^i o.^^^^; (^>o^^ ■>xis^ <>.oj? 0.053 §:<^5r <}.026. (f,(^n ^.c^s-^ o.os^ >>.y5;(} 

U ^M}^ f>.m^ O.O^a 03:^3 i^,^^:^ <^.m4 Hxm (i.^1^>v ^:^^^> ^v<K^ 0. ^>;^ ocjkj 

i; as^ &m (^.i^^* LKi-;^^ t:^.^m i>.^j;5:^a.i>?;=; Ci.^^ss ^5,0^! mm 

K. om i o.m9 <m% f^x?-=o o.on ^..59^ ^lon ^.i^^s ::>.5^o o..^=<3 o.^^^f^. ^.o^si a.^>so ^ixm ^^:.^:i^'7 

t ^.mi o.m &mf OMi oju 0,023 o/us ■^.o^^ <j.459 oj^^ :>,0i3 !>:<;is^? y-OSj o.?^;j5 ^J^im 0.15^? ^.(m ^xci-^-^? Oi??>o 

M O.CJJ^i. 0.>XS? -i^c:?!}^ O-iJU 0.0,^3 ^:i.C>5,! 0.>>2^ 1X0^?? 0.03^ t^:S44 ■i^.O^C^ S.0l!:3 0.ix>:? C^OiS i>J)£^^ ^.006 O Cs^^v 0-^^) 

H {^Xm ^.(m ::).-:>44 O-i^^^ i>.Oi>! ^3.0-?:^ I>.=:j^^ O.^^^a ft.OSl^ 0.02^^ t^.^^;!: i;?.!!^:? :>i:s::^ =0:^1:7 ^^:■^^X^ 

F y:t?]4 ^^.i^J^f y.i)^:! O.^W ^^.^.S^ 0.^>i ^ y.S??? ^iliS !i ^ ^^.^^^3 i^.X^lO t^.^ (S.OiS 

Q y.t!:3£ i>.^>;4 0,033 ^)■:3^:^^^ O.l^s^i ^>(;!;j:> OJM :>.0;:J OJ>H !>.<iy7 :0,03-? 0.61-^ QiAi^-iS 0.0^;^ 0,;:^>>;> 

K 0::S5J3 C^-fi^ft O Cii::i- i^,l^3i^ 0.^m ^^O;^ S5:;i3Si 0.055 iX3i^ ^^.iMS ■J.OS" <?.tilO O-Pi:^ C^-Oi? r3;i:«>i"? 

:K o.iy?^. aoy^ 0.0^5 ^^.Li^l 0;^>3^ iijm ^^^>?:^ 0.0:^4 0.m^: 0:.0?i^ 0Ji2 0.042 O.Sk>5 c^^i^;^ 0. Hi? O.^PH Ovi>^0 i>.0<?S 

T 0.>;i->i.ii 0.;f?^:> O^Xi^i y.03-^ e.05;J 0.0^? 0.^;>$5 ^.X^i^:; O-O^^ O..U!> 0.1575 O.;??:!^; ai^;:5 i^.^^S 0.iXV? 

V ^: 0.000 O.O^S 0.063 0.(^7^^ 0,0:?-? ^xi7{> 0.3(S 0.034 i>J.^^ 0. S33 ^^O^V 0.033 0.0)^;^ (i.0^i*:< 0.1^ OO^a 0.^4?> :>0:37 0.0^9 

W !:>.:Xii^i 0.>X'^> -XO^i^i?: 0,003 O-O^i^ O.O^X? u^;^X^ 0.0^:5 0.::?0!,:; (>.0;0 o.^^:^>3 ^^0!■:^ 0.0^:^. 0.^K^^ O.OH: 0:00.^ o^^q;^ 0.0(?5 a,i^t;x^ 

Y ;>.0<:f> O.^l^^i' 0.0;^3 0.00:^ ^i-iiii^ 0;0;: i <I.O^i^^ 0.024 0>Mi O.:0S^i 0.0;:4 ^^:0^? 0.^?-:^^ 0,0^:^ li.O:!?; O.O:;-^ &,0?:K 0.023 04i-5i 0.50:5 

.J o.:i>0:^ 0.^>0S O.^X:=0 0.^>i:!^> o.(^>^ o.cs>E o.i)i}^ o.OO^ 0;:;?^^:^ o.Oi?^ O.'m o.Of^) OiN:;^^ ?5a;o<> O..Oi:^ 0.?>y5. o..S5i:j;i o.^^^i o,^)i>:; o,^:Cs5 o.^>20 

.-. o.o^a o.ics:^^: 0.00T o.ooz o.o:^s 0.^:02 0.035 o.Oi>5. ^:.(;<^5 o.^}0:; 0:<^:f7 o.oo« o.^H5 0:^;i5:^ o.oo^^ 033:y? o.oih o,0(i^ o.i>i;^j 



hfehl^r^ ms;;^;e;rvi^d, ^hfi J^io?:0?i^« 



gl^Jlamk ax^ids, Mid yil fm' b^is'kd si^ii^t^-r-^sf ij^:^*: (f^^i^ d^sts 

k^JMi. 01^^ highly a^jsKOrv^^^ ■^bs??^ bs-SJifjsj; sci: rj>j5?a<:i?s b^Jr- 
^ed pi:o^:iios; by ^o,v <;^0<^r a h;vt^mg;t:n bood rsuisi 

fee .?rsM3;:> JO i:h<^ n^?w^y expoos^d ^5:ndd;e- promos:!. C5ly^:;.n>r 



TsM^ .S::):tem:;^0?/^ ^f^^^fjcMi'O^ r^iVjM^^;:^ 
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A 0.0^3 ^i.05::; 0.0*^;: OOSi 0.^>?;.i 0.04^^ 0.033 O^MS:. O.O'SO 0.<^S? Qi.OSO 0.:;:^^ 04^: 00?^i^ 0.0^?^ ti.OSO 0,0^?^? <i,0ii3 0,f5.>> O^JSJ 

C <^ (K52 0.73!> <i,0^1 0.0&^ 0.01^ OA^iXi- 0,00? 0.iJ04 OX^B 0.0^)0 0.^m 0.00$ 0.0<^] ^:i.OO?^ O.^^S 0 '0i>^ 0.0<s> 0.0(^1 0.5>0i> O.OiJ^i 

i> 0.04^ o.^!ft^? o.^^^^i o.o;i:0 04:^40 0.0:30 0.033 4jA^?4 0.0:12 o.<.i5:r o.o:>4 :;^:04? o..05S 0;02s o.^om 0.044 o.o;j;^ 0.0^4 0)..o;j4 0.0S0 

0,0^2 0.^::S!^ 04??y .<i;2S\ 04-10 O.^^S^ 0,020 0.:oO^< ^^..05:3 04>;::0 OA^S 0.0:>0 O.O^? O.^??! 0;040 0.033 0.044 O.-0^4 i^.^>50 Si.OJ" O.i^O^ 

0.0:iO :>,03i^^ 04:^)4 0.00^ 0.4^?^ 0,004 0,023 0,:>^^ 0.0)4 04::47 0,OS3 O,0i4 0,000 O.OSO 0:tX^? 0.05 J 0-OU 044^ 0.s>>?4 (^4i^":i 0-000 

0; 0.iy?4 ■O.OOO 0.04^:; <^.044 0.040 0.43^ 04?43- 0 :3-:4 0.033 ?X044 0.039 0,044 0.04-^ 0.034 0.i>4^> 0.064 O.0?4 0,044 0.i:4^? C^.0^0 0.04E^ 

54 0.014 0,004 0.i::S4 04^41 0.044 0,0)0 i>4^i4 0-OOS 0.035 i^l 0-,030 0.0?S 0.000 0.040 0.05.? 0.0^4 0.4?i4 O.OSO O.OH 0.0^13 0.043 

i =:?,0i4 :4.0S0 0.0^? 04)U 04i:3iJ 0..?m 04:00- 0.335 04>E4 0.040 0.?)4i^ t^OO?^ 0.{:^^> 04^;!^ 0.0;! 3 0.0;4 =34>34 0,044 O.-O^^; 0,.O3O O^O^iiS 

K 04)^>3 O.4j04 04530 O.C^?2 0.042 0,00^ 0.43^ ^..m 44:40 04377 s:J4>33 4.04-? ^4^77 0.i44 0.0<S4 0.030 0,044 04)34 0 033 

I 0.000 O.=:;^0O 0-,0J0 O.40-7 0,004 045H 0.044 n),:^ 0.053 0.3:: i 0.445 O.OOO 04:jO 0.02^; 0;:^4 y.iJJvi 0.O4O 0.074 04>ft4 0403 

M O.OiO O.=::>00 0.,0;)4 0443?: ::X0S4 045^^4 0-003 0400 O.OH 0-040 0407 0.004 :>4X^n 0.00? 00^3 O.^X;4 0..004 0,05:^ 0.0t;::4 <3.004 0,0^3 

N 0.04! 044}7 O.S^v 0.04j 0.044 0.044 0.047 O.O^- 0.042 0.044 0.034 0.4.^4 0.05^5 0.040 O.O^i: 0.030 0.04i 0.02^ 0.i4::?S 0.040 0.030 

F 4.074 04?^m 0.044 04-00 OA^O^ 0..^>04 0.03^ 0-0^7 44^34 04i40 O..0H (^4>3^: 0.4S4 0..04:! 0.030 04=3; 0.05? 045^4 0.0i§ 0.004 OOl? 

<) 0:0^0 OOO 0.03^; 0.000 04750 0403 04542 OO^S 4 0.4s:i^:: 4:1540 0.044 045^32 0,050 0.2^3 04730 0 03^ 04743 !7.0;5:S. 045t54 >7.054 0 025 

^ 0.044 ri OSS 04M4 0,07! O.OiiO 0 017 0.044 OOi 7 0.!:>i^2 0,0^4 0:007 0.022 0.05^ 0.047 0.2:44 0.0:^0 0.04^ 0:0^4 04S:2 O.:0;34 04450 

0 0..;iOv: 0:053 0,03^^ 0.030 0044 0.074 0.047 0:::o; i 0.002 0.044 0,020 0.0?:4> ■li-.OOO 0.i774 0:!7^4 0.200 0.|44 0,044 >)4x74 O.000 0,053 

4^ 0,a?4 :0.05.0 044J4 0.030 0,042 0.020 0.044 O.;050 04)33 0:050 O.,040 0,.004 0.042 0.:0ft.0 0;.054 0.:4S:0. 0,.:500 O.;005.. 0.40:5 0,.04i 0,:4.13 

0 0.4^ii ■O.O^)^^ O.:05.5 04733 ■4.:i:i40 0.020 0.0.54. 0040^ 04735 0.077 0..03l 0.:054: 0.020 O.:0^i3 0.03:7 0..024 0..044 0.444 0..O3.7 0.044 O.:00i: 

W 0.0^7 0.00?> 04X=7 0.^473 O.:04O 0.^>i54 <^.m 02X50 Oa^X^ 0.054 0.^455 04X?3 0.004 04475 O.i503 04>^:0 04744 :i7.-i;>03 0,42J 0.03S 0::;i<sO 

y 0..054 044.* 04)03 O.aOO 0,555 0.7:44 .0.044 0.;:t2.4 0..0|-7 .0.024 0.-040 0:.024 0.i4i7 0..0?7' 0.034 O.OS^i 0.05.0 :I7.044 0..504 0.4^^ 04>25 

7 0.004 045ijO 0.*4:0 04K45 :4.00:! O.^K52 0:.^5O4 04«:<i ^^44^2 :44::0'! 04^57 0,0^>i 0,007 0.5705: O.-OOI ■0.^502 . O.O^i 045^i7 04450 O450? 0.44.;. 

.-^^ 0.i.f40 O.,002 0..047 0.002 O.:04;7 0:.OJ59 0.000 0.-L7^4 04505 0437;^ 0474i7 0.7.jfO. .:40r;3 O.:030 O.O^O 0,5734. 0..O^0 . 0.,047 0.:04.5 0^.04^ 0,:44;: 



A C t> 5^ G 5 5C i. M N P 0 1" V W T 



4 ^>.4M ^5^02^ j^.$?5 o.&^st y,o^)i5 i^.m ss.^Bft osm <}M^ <i.-im ^Ml ^MZ 
c -^m^- (^sn -i>-jm x^jm i).m> i>m^ i>j)m <^Jm <>jm is.m^ <^m(> ^.m^ <iim ^.im <^.m .^.m^ (^m^ 
U r^iH^i o.mi <?.7"^ ::>.=i::<ss. ^.>..i>i?s {-.^m Cs.O';^:' 0.00^= ^'.>:s^ -^.m? 0.^?a fK^>(^<> a^i^S 

£ ^xc:^?; 0.4^0 0.^^^ o.^^ O.Oi^ ^^.CK^? o.^i^s i>«?^4 ^>.i?s,^ ^.iXH 

f aOJ-:^ C^,0j3 ^).4$:3 O^SU? ^,0^^ ^K^^^^ 0.?)^>0 dM^ i^Ji^ "^MB OJy^S^ <i.m fi^.O;:.? 

O O-?:!'?^ ^xi>i-^ (^,^^^? ^>xiMi o.oo OiKJ? o.^;!a 0:ia>!:> i^.fm ^^.w 

0.^f&^ 0.^>£f^> Ss.^)?:!;^ y l^l^ 0.?:>?^^ ^^.t-^SS (^^565 a^>S^? O.^.^i^ 

s il:i54:5 O.^M O.Di?S 0.4^^::> ^^-^^5 ^liM i^-C^OS 04i^s O.m c^.Oiv 

^< ^xtiM 0.^=ii:^ Q:.^? O.^^iK s.^^^i^ s:J.^^:> ^>^>^^^ i>.oa4 ^^^..iH4 ii-C^O^^ a^^J:? c^.Oi?? 

i, ^> ^>^5^ ^v^xi;5 ^.^>=^ (?.t>J:> <>M^ (^.2m ^sm <iMi ^> 

?y$ <).^.sx> c;:.o;^" i5.<>;^ 0.^5?^ (>.ms?> ^^.c^^i® 0.^:^^ =^=.<^S:? <>.(^ y.:i>00 ^.01^ ^^.^^5:0 O.^?^ 

<i..(^Oi> mn nsm ^aM7 ^mn ^:(m i^.m^^m:^ i^jm ^.m i}m% ^^.m^ <}m ^m^ ^» 

^ 0.5;:S4 <^,t>;-!; t^.m^: s.^^i^? ^>.:m Oi^ssj {?..?>=X::' 0..764 ^^.i?i>? ^.0^2 o.{>5=5i ^.^K^^ ^>.^iOi^^ 

O Oi!:?? ^)-.=:)09 (^.a>^ sX;:;^:^^ 0.^?i?s 6-305 :i,<:j^ 0.0?>l O.X^;)^^^ ij^i)^^ ^>.^m 

ij.^>5:^^ O-OiH &,cns O.JS^4 e>.5<^4 o^o^js c^^ckk^ ^).<^s t^ OJ^ ^.0!:>i >).o^^:^ ^.0??? 

s ^).y\:*4 ;)j>so o.in7 ^.i^ss a-m i^Jii^ a&2«! ^Cf^^ ^x^^??^^^:i..4:^Q ^J.^?? >).:?)^::s; 0.004 ^^.,:;^^:> 

r ■i^,^:^^ a^iij^i £>.>X5* ?^.<J3>^ 0.?:^>iS ^..OiS y.0i5 .>.c;^i^^ 0.025 0.054 <}.m 0.005 sv,0(}s o.fi'SS ^>;iK;s o.o^>5 ^^.o^.•^ 

V ^:UtO aiKiiS 0.012 0.0^5 :;X?m ^>OJj 0.0S4 t^S05 0,000 0.3:?4 iJAU ^.m^ OJ^S? fii.OJ? O.0sU <i.O?^ 0.^?^ 0.047 iii^S 

W 0.000 0.:OOS 0.0O7 0,000 0.034 0-005 O.Oti: O-OU O.Of^:? 0-::^0^ O.OU -^.^m (J.;i>-KJ 0,f>;)> 0.0^>0 O.O^B O.OO^i 0.0^^5 C^^Sl O.OiJ O.^X) 

V- 0-0J5 ^.i^H O.Ss::5 0.000 0.07? 0.000 O.^^M O-OSI OXii:;^ O^O^i? 0.<SSO 0,05^ O-OOv OvC^O^^ ^5:054 O.OiS 0.0:? 0.030 0.003 OiK^ 

5 0-00^ O.^)00 f5.00^^ O.;:?*'?0 0.sXi5 0.000 O.C^OO O-M^S O.S^2 0:C^iO 0.00^> 0.^ 0.0(^> 0.000 ^-.000 0;00? 0-00? O.^M? O^au 0.S47 
- O^;^00 0.050 OOiS 0:^!0$ 0,000 O.OlO yjlSOO 0.£0i 0.00.4 O.^:i0 ii:.i*^i^i O.OS^? 0.010 0,i:JiK5 0.^500 0.011 0;.0i:$ O-M^i 0.0:50 0,0^0 0.01? 



s^:;: 00^ conso^vod gl^i^j^? r^^^y ^i^s^ i^:od to^ bo ?;hoo^ 
Jiisi^. 0x0 both bi5.so&d SiOtd ia: 00^ i^^n^^oii^^l 4# c^y^^fo^^ 
mmj:0;0,. 

Oi:v^:5i: Sit kasr i:?^^o thr«^e-dlm«5i:>k>ir^ai sf^r^^otu?^ on^? co;f5 

ac^d foT ^ac::b ixjsouo?^ & Md, mgm^^d by Ovorhig- 
ton 0^: a,L < 1990), ]io: wo? wo co4JSOjok:j a ^im^k 



0.^.. 

0- 



n'inlriiin'n 



O:0-v:^;^j 0^:^i^:0 ^:>;t4>^?:^5 pt^-S^^i^:^-; . l Si<r v;UnO^^:'0 >:^^X<:0<^^l:>r 



Figu;r:$ ^ ^i^o^s s^^i^^ji^s^ofi •yim&biUtv <^^<|>^o^<^ OJ:i 

fj^o^Ji i^K-: C-tero:o?.aiis <:^f tho G h^^lix th^ gsobsn it-iiro^- 
ym^c ^;;yEOi:moroorm (lECO) (S£;o-^g:€;msj^;o Wto, O.W<?). 
Th^; iros^tkiOii: &i p<mik^m 91, ?,OCo lO:?, sijsd ^04 io-s^ b^-sr^ 
kd 0:hc / -r 3, / o- 0 =spMO:ig fox an a-hoi^^j). Ao 

cao be s<;oj>> sho: fssiidu^s tb^^i ^jti? mo^t conoorv^id m ihk 
^^ th^ B<^;^:pokir rejsM^i^^s :ro.akiO:g iip b^).fkd 
Ifioe of S!.^^^:^lijp^stj^^c :h$h^. Ie: r;b^:JO r^i^^^dii^s^^ thoi ^^re 
of sls^: i^^r^ssio^iE md!4¥ dMO;-boo« oeot^chis^g is;td -slign- 

H^yre 4A: soovy^ 0 o^O!ve?:i^;iN^::j^:s^ ^^^a?ob ^o^^se;q:o^^;o^^os 
ri^Ns^d $0 iE€D, wbor^a^. Figuj-^- 4E ^^^45^:^ ds^s ss^j^i^s 
^OJOrob ^:tsiog d:s^? ^;tjvimji:t^:i??5m^-4p««dk^i^ l-o?- oo^>rois;. 

dig :b5, Sdo !di?is:0;^fk^i;^:o>0 td; rtii^J gbhkj, !>4:4^^£«;so^^?v. Th?^ 

s^:^ can further o^^ho;o^^<^d ib^ <^A;p«:^:t^^d p;ji;|^ri?s 
for vOrk^s^c:c^ (M,.S. Johf^^^O^O: dl io^^.. Ovij^^E^gi^iri:, 

U0:pLd>L re^iobo)^ A. roi&Otd proc^^ioTt ^sao bo^^5l p; opo>^;ed 
by :bo::>o:fd>org 5o>d coworkors (Bows<^ a: al, 19^1; lid^hy 

Tdfi^st:; p3:ooc?dO:s:>^^. f4p?:0:vO?o, OJi iipps oiiob id^iiitiiyiog 
UiO ^4c?i^*>3^^x?; ^;h;iO: a^4: s:oE5:i:Oiidb^4 w?ib Ibdi (Fonder ^, 
Kkb^irds, i^^^o), ^^ocoodly i^??4x^i;>d ih^ ''b4VOx?>o protd?^ 
d:>idb:<g p4<d>les^5d' 11;::0 ti?!::do.ry ^;tv55:^:p^04<::5 t;;ij:^ be uood to 

^d^sTid; d^a bo;^c 0? oeqiior^oe^ for o^koi ssQua^c^cs ihit 
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F 



0.5 



itWil) -hiii^ 5h:>=*rt:. N^f^sfe^f Ij^^i:?: i^>^ ^'CB dsisJ ^x^t T^sv^ |:^^^;^k:ie:^ for s-^rsjrcSv;:;^:? 



iir^> H:k^>Iv t0 si^dopt Jhe ^o^cL Thi^. appro$:Ch should 



MS. Jokj^soii, T.L. Bk$^:d^>ll. ^^J^^^^hk rs^s^ks.^).:. 

A 55i^|?k sequssac?? >>k«?t ^^^^^d i:^> pr^ict tk^ s^^c^mdafy 
v^us^c the gA^:t^ersl fold of a proi^m f&Es^ii^f^ b coa:^;fv^d. 
mc>j-?i ii>;i::^i:r^k^^ c<:i¥5;?v?:^>5:ii^ pr^idk^ii^o^Sc^i. m k^^v^? <j^::::en:^|>^:i?d 
dk^ :^eco::;sdas:y :>;:rtK:f^Lir£^ kc^sxi id%x^«d :b<?mm<s;g<x^s 
The: p^JSvCira^ c^j^ ssan<^^^=e v^^^^ssaia^x ^5:s<vck;^r% d<^p^:^s- 

<k^f!: (}k the pirpicai ckvimi^mck! of a r^^id^^e iSe 



A 



4- 




^^^^^ 




S .» :w AiS 

]^ 4 V l^ T^ 5^ TTSC T £ L ^ K £ ? 

:k s k Sis 5tT a f s s j:. a j:. ^ ^ t 5^ si. >^ k v i a t im s e i ^? ^ a t t ;s ^ w sstMK i k s< s -r 

!^ !^ v^ <i <^ « ^ ^> a- j;. Vi; fl: ft is jS: :y * -ft A <t tft tft « « 



lhas $;olv^?^:t ac:cm^feslUy is ti^^s m<5:K^?^ ^in:gk :f?i(-i:or. A!5:s- 

lh<is:ifi with Ft;=us^kr ^Btily^s^. (Ei^:iifTi:b^j:g JiL, I^M) to 
ideii?;?ll:y p^■r:kJdk■!i^;y j:jid:ks:?;k^ i>;i: Sis"j5p^>^:piiE:hk SS^sXfsidiirv 

XL. Bkn^ML 5^?5,pi£bL, s-ei^iiks). Akto^-sgb:. b prmcmb, 
^!;kher ps:o|>efj.^;Uy l-or <^4^dk§:5 b-e s;-^i|>hsp^aihk. 

s^Sfv^^d kdls:<-$. Ths^ p;fftdkti0ji :;:Of^^rjJy ;<kj:s5ks^-s Si^; th?'S:£i 
a-h^:Ik:^^l ,?«gk:'5:5^;, aUliCUgh th^^s: :l;bsdt.;v <55:?; 

defhiM. An i^riprov^n>e?ii hj. ths^ pr;kkd<m <^:Ccu?:sc- v ^i^^si 
be ;5>::hkvs:d by ^s-^^dyi^k =>f odx^r k^5tS3T<^^ vvsthhi ^h;? sdf?^ 

Ov^^idr^^si^^^-it, c^:; T,.L, IMj^:?5^;kk. UispiibL mwks). 



e:J>vi5-0Mf>':e;i?: biu; hd^^dsghted ck^s^r d:d'feres:u:?^:^ <:d>- 
Sve^jYi^sl k:? y^js-k-ts^: kt:3l s^n^cUind <;o^i^r:fkM^. In e:sdi pf^^- 
s:dk^f;: af psoid^i ^ok^, th^ l^x^;d eav5::><:isli;?>i?s^:C comirsisH 

■ de Soks;j:t^:d;r3a<:s:?S\?dk\^^:^j:s of p;otj;d;i:5 Sfk: 

ijii? biidieci ;i:xjl;;ir 5*^::5:ki^ ^kt^:3:i>i id? co;r?i; It is th^?^0j:!:>.-£f> 

vatks^ m tbs^^ p*>ddc>j^:^ d:^s^ wdi p^^-^kk the rn<^sj: |X5w- 

m th;ifk d^e ^x^^.^x^d^^d €;mc.^^i- Fu^j.l :=kk^s^;^; ^^3k 

;Oi:>k?i^c rO'C dm.5;>t:j^d sit^pp^jst. Wii? ar^; TJiOf::;t^ 



k>;^ A^<^$:d;s?^' MaclL.eovd Ct:5:k 



^^^j^tJ^^l^VV ie^i:;!^. 

s:r;jx;f,ur^^^. ^^<>/. :>35^^54S.. 

^^isils^igks tfj B^::^^^; ^S^-^^:?, 



. E. E9S^?). C:^^Ei^^^i^sx^f ^ 

EEo.^«:Sl^t, E. t;^;.^?;,;. E.. K^rr^^^x^, iVa..^: 

$om:pEs ^; 5;^;: A s:;icErrkr:; /^s; ^rajji^v^^-CT^; 

L^^:?,:;;:E:. Eii:E-^C:U?;i^i. A. a. §^Es^:-;^^^:::g. Q E<;9?>- :$^:v::Oi::^^y 
iE 



E, JEu:^c^?E?i, Ci^^^E. Ai": ii:;i^sds^'^^^ 

v-^t'f }y iE^disd j?rc^^i;rri s?>o;is^s; SmEiE^iiv^JS:-^ f^r ^ jjri:<^E-. 

i:.E::::;s.. E E-=E^. :=E\ 

(>^=^::>SE>?J. ,?,F, M.S.. A., .fe EE ( TE- 

.E Xi^, Es?:^:«j:: ;sEf\ i?. E^E iE:5 EEE 
;;E>?<:;Er. i E EEk^i>vJ$;. (iisSyiEJ-^E^ri;^ ;;:ij?^^sE^ i;>rso5cK5-;^ lE^ 

E?*?tt$i.:r-:i^^y:n:i! E^^^:^i:^. E :^E;^^. .S^<>^. TTS-Tv^E 

Mi, A & m<^iimk EL. ^?^5^t^oi>fis;;::>i^>^ f;o;iiE;:^ 

E^>=;^ E ^^vi^iE^j'^yt^ E?vt<;^x:i'<$^ E E^'<::v^^Ei;!^:^^ E:v:>E- 



tem dssi?:^^ :;^:5-^?^fii:E:^$<i $::: ^ 4 A ^:e;^^^E:iks^l. E ;^EE i^^v^E ;EE 

3E;:-E3^. 



